Vernal keratoconjunctivitis (VKC) is a bilateral, usually seasonally recurrent, allergic inflammation of the conjunctiva, characterised by limbal gelatinous hypertrophy and/or upper tarsal giant conjunctival papillae. Although rare in temperate regions, it represents an important cause of hospital referral in many parts of Africa and Asia. Clinical and immunohistochemical studies suggest that IgE-dependent (type I allergic) and IgE-independent (type IV allergic) mechanisms are involved in the immunopathogenesis of VKC, in which various inflammatory cells, including different T cell subpopulations play an active role via a cascade of chemical mediators. Endocrine, genetic, neurogenic, environmental and socioeconomic risk factors have been identified. However, its aetiology and pathophysiology remain unclear. The clinical course of this disease is usually benign and self-limiting, but a minority of patients will face very debilitating and sight threatening complications. Topical corticosteroids are often used during flare-ups in combination with mast cell stabilizers as maintenance treatment for VKC. However this management is unsatisfactory in controlling severe cases and avoiding recurrences. Non-steroidal immune modulators such as ciclosporin A and tacrolimus are promising alternatives, but tolerance to these agents needs to be improved and production costs reduced. The purpose of this review is to give an update on its epidemiology, immunopathogenesis and management.
ABSTRACT
Vernal keratoconjunctivitis (VKC) is a bilateral, usually seasonally recurrent, allergic inflammation of the conjunctiva, characterised by limbal gelatinous hypertrophy and/or upper tarsal giant conjunctival papillae. Although rare in temperate regions, it represents an important cause of hospital referral in many parts of Africa and Asia. Clinical and immunohistochemical studies suggest that IgE-dependent (type I allergic) and IgE-independent (type IV allergic) mechanisms are involved in the immunopathogenesis of VKC, in which various inflammatory cells, including different T cell subpopulations play an active role via a cascade of chemical mediators. Endocrine, genetic, neurogenic, environmental and socioeconomic risk factors have been identified. However, its aetiology and pathophysiology remain unclear. The clinical course of this disease is usually benign and self-limiting, but a minority of patients will face very debilitating and sight threatening complications. Topical corticosteroids are often used during flare-ups in combination with mast cell stabilizers as maintenance treatment for VKC. However this management is unsatisfactory in controlling severe cases and avoiding recurrences. Non-steroidal immune modulators such as ciclosporin A and tacrolimus are promising alternatives, but tolerance to these agents needs to be improved and production costs reduced. The purpose of this review is to give an update on its epidemiology, immunopathogenesis and management.
EPIDEMIOLOGY
Vernal keratoconjunctivitis (VKC) is a bilateral, chronic, external ocular inflammatory disorder, mainly affecting patients in their first or second decade. [1] [2] [3] Although it is a rare allergic disorder in temperate regions, in many parts of Africa, Latin America and Asia VKC represents an important cause for hospital attendance, ranging from 3% to 6% of patients of all ages, rising to 33% and 90% in children and adolescents. 2 4-7 A population prevalence of 4% to 5% has been found among African children. 3 8 In large European and Asian case series boys appear to be affected more than girls, but this sex distribution is not found uniformly in Africa, and becomes less obvious with age. 1-4 8-11 Palpebral forms are more prevalent in Europe and the Americas, whereas mixed and limbal forms are more seen in Asia and Africa respectively, with some geographic variation. 1-3 6 8-14 In Europe and Asia VKC has a prominent seasonal variation in disease expression, but flare-ups during winter months can happen in a significant percentage of cases, leading to chronic, perennial disease after a few years. 1 11 14 In Africa, however, VKC is less seasonal and occasionally continues until adulthood, explaining the substantial number of cases seen in clinics throughout the year. 
SYMPTOMS AND SIGNS
Vernal keratoconjunctivitis is usually bilateral, although it can occasionally present unilaterally, at least initially. 3 15 Its predominant symptom is intense ocular itching, followed by tearing, mucous stringy discharge, severe photophobia, blepharospasm and foreign body sensation.
It can present as purely palpebral or purely limbal disease, but a range of mixed appearances exist. 10 The hallmark sign of palpebral VKC is papillary hyperplasia of the upper tarsal conjunctiva, ranging from papillae of 1 mm of diameter to typical giant or cobble stone papillae (figure 1). 10 The dominating clinical sign in limbal VKC is infiltration of the limbal subconjunctival tissues forming nodules, sometimes accompanied by pannus of superficial neovascularisation of the peripheral cornea, making the limbus to appear thickened and opaque (figure 2). They often are topped by chalky white excrescences, known as HornerTrantas dots (figure 2). 13 Increased spotty pigmentation of the interpalpebral exposed conjunctiva is common among patients from Africa and Asia, especially among very young children, but whether this sign is correlated to the disease activity is controversial. 8-10 12 In tropical regions corneal complications develop in 7% to 50% of patients with VKC presenting to a hospital facility. 1 3 9 10 16 During exacerbations of palpebral VKC, punctate epithelial keratopathy may develop, leading to macroerosion and sight threatening shield ulcers (figure 3). 13 17 Generally, a shield ulcer is differentiated from an infective corneal ulcer by its transversely oval shape, and its location in the centre of the superior third of the cornea, but superinfection can occur. The base of a shield ulcer can be transparent or translucent, and can be filled with opaque white or yellow deposits, eventually forming an elevated plaque. 17 Limbal disease can induce stem cell deficiency, that leads to compromised corneal surface, characterised by corneal vascularisation, chronic stromal inflammation, persistent epithelial defects and ingrowth of conjunctival epithelium onto the corneal surface. 18 These central extension of limbal vegetations may affect vision (figure 4). 6 9-13 Other corneal signs are subepithelial scarring, sterile stromal melt, pseudogerontoxon and keratoconus. 1 19 20 Although some signs and symptoms of VKC may be similar to other ocular allergic diseases, the presence of limbal and/or giant tarsal papillae differentiate VKC from seasonal allergic conjunctivitis (SAC) or perennial allergic conjunctivitis. 21 VKC and atopic keratoconjunctivitis (AKC) are more severe forms of allergic eye disease. In contrast to VKC, AKC is more seen in older children and adults with an atopic history such as facial atopic dermatitis and does not regress quickly after adolescence.
Apart from the traditional distinction between limbal, palpebral and mixed types of VKC, various other classification systems, useful to appreciate the different degrees of severity of the disease and its corneal complications have been developed over time. 3 5 10 17 20 23 The average clinical presentation of VKC can differ significantly depending on geographic area and genetic background, so that there is no consensus on the definition of severity of disease in literature.
HISTOPATHOLOGY
Conjunctival biopsy specimens from patients with active VKC exhibit an intense influx of a variety of inflammatory cells, hyperplasia of the epithelium with numerous epithelial ingrowths, proliferation of new blood vessels and extensive deposition of extracellular matrix components (ECM). Substantia propria and epithelium are infiltrated by mast cells, eosinophils, basophils, plasma cells, monocytes/macrophages, dendritic cells, CD4 T lymphocytes, fibroblasts and B lymphocytes, organised as small lymphoid follicles. 24 Inflammation of the limbal palisades and the tarsal conjunctiva produces nodules, due to the firm attachments of the conjunctiva to limbus and tarsus respectively. Giant papillae are characterised by squamous epithelial hyperplasia and dense fibrous tissue, harbouring the described population of inflammatory cells. 25 Limbal VKC is histologically differentiated from the palpebral form by the enormous epithelial overgrowth with solid downward extensions of epithelial plugs in the limbal tissue. It has not yet been fully explained why in tropical regions changes in vernal conjunctivitis tend to localise at the limbus rather than in the tarsal palpebral conjunctiva, as in temperate climates. Nevertheless, there is a more prominent B lymphocyte clustering at the limbus in patients with VKC from tropical countries, 16 and in dark skinned people the limbus is richer on mast cells and melanocytes. 26 
DIAGNOSIS AND ASSOCIATION WITH OTHER ATOPIC CONDITIONS
Diagnosis is mainly based on the typical clinical VKC signs. So far only a few laboratory tests are used to confirm the disease. The eosinophils usually found in conjunctival scrapings of patients with VKC support the diagnosis, but their absence does not exclude it.
11 13 27 Total and specific immunoglobulin E (IgE) determination in tears and serum and skin prick tests can provide additional evidence, but there is a high variability in IgE levels, and skin tests may not always be positive among VKC cases, especially in Africa. 8 11 13 Limbal and palpebral forms do not differ in IgE levels in serum or tears. 13 Recently, confocal microscopy has been used to quantify in a non-invasive manner the morphological characteristics of the conjunctiva and limbus in VKC. 28 A higher incidence of associated atopic conditions such as asthma, rhinitis and eczema has been reported among patients with VKC in up to 41.5% of cases, although this was not found everywhere. 1 3 11 29-31 Especially in Africa the majority of studies reported only a small percentage of patients with these other atopic diseases. 4 8-10 IMMUNOPATHOGENESIS Many clinical and laboratory findings support the presence of a type I (IgE-dependent) immediate hypersensitivity reaction in VKC. [32] [33] [34] [35] B lymphocytes from the lymphoid follicle of the conjunctiva locally produce IgE. 36 Mast cell degranulation results in the release of a range of mediators such as histamine, leading to the classical allergic reactions of vasodilatation, oedema, hyperaemia, smooth muscle contraction and the recruitment of other inflammatory cells.
The important role of the eosinophil in the pathogenesis of ocular allergy is suggested by the consistent presence of this cell type in conjunctival biopsy tissues affected by ocular allergy and by eosinophilic cationic protein levels in tears. 37 38 Activated eosinophils elicit ocular surface inflammation by their soluble mediators and adhesion molecules and the inflammation can even lead to corneal epithelial breakdown. 39 The fact that there is no strict requirement for allergenspecific sensitisation to result in this eosinophilic response, and the conflicting results in the literature concerning the association between VKC and atopy suggest that IgE-independent mechanisms are also involved. 1 11 13 29-31 40 41 In this pathway it is postulated that antigen-presenting cells induce an influx of eosinophils from the blood vessels into the conjunctival tissue by chemokines. 40 These chemokines can also activate mast cells independently of IgE ('pseudoallergic reaction') and attract T lymphocytes. 42 There is also growing evidence for the involvement of a CD4 T helper 2 (Th2)-driven type IV (delayed or cell-mediated) hypersensitivity reaction as well. 3 29 43 44 In order to adhere to endothelial and antigen-presenting cells and become active, T lymphocytes need cell adhesion molecules, which are increasingly expressed in VKC. Once activated, these Th2 lymphocytes play a role in recruitment and activation of mast cells and eosinophils, [45] [46] [47] [48] and in B cell switching to the production of IgE. No differences in the percentage of Th2 lymphocytes were found between patients with tarsal or limbal affection. 48-51 52 Apart from acting as simple physical barrier to the entrance of foreign invaders, ocular surface epithelium is actively involved in the initiation and continuation of the allergic inflammatory process. The epithelium is stimulated by inflammatory molecules, such as histamine, to express intercellular adhesion molecules (ICAM-1) and to secrete inflammatory cytokines and chemokines. Chemokine receptor CXCR3 is abundantly expressed on T lymphocytes in VKC conjunctiva, suggesting its involvement in the regulation of lymphocyte recruitment. 53 Furthermore, the conjunctival hyperplasia is modulated by growth factors and conjunctival epithelial cells interact with activated T cells via CD40 adhesion molecules in vitro. 54 55 Mononuclear cells and eosinophils affect fibroblast functions via histamine, cytokines, integrin receptors and a range of growth factors. 56 As part of the remodelling of the conjunctiva in VKC, extensive deposition of ECM happens in the substantia propria, including collagen types I, III, IV, V and VII, tenascin and laminin. 57 58 Laminin and tenascin facilitate the transmigration of inflammatory cells into the conjunctiva via their adhesive properties and induce matrix metalloproteinases (MMPs) such as gelatinase B, that disrupt the integrity of the ECM, allowing invasion of inflammatory cells and contributing to tissue remodelling. 58 59 MMP enzymes are inactivated by tissue inhibitors of MMPs (TIMP-1). Increased levels and activity of MMP and an imbalance between MMPs and TIMP may be involved in the pathogenesis of VKC. 60 
RISK FACTORS
An endocrine risk factor has been suggested by the following clinical and immunohistochemical findings; (1) sexual disparity in VKC prevalence, 8 11 (2) the role of sex hormones in other immunological diseases, 61 (3) overexpression of oestrogen and progesterone receptors by conjunctival eosinophils and altered neuroreceptor expression in conjunctival epithelium in VKC 54 and (4) growth factors, neuropeptides such as substance P and prostaglandins detected in high amounts in serum and tears in VKC. 14 62 63 The difference in prevalence of limbal and palpebral VKC observed in different races in the same study region and the identification of disease susceptibility genes for ocular allergy via linkage analysis support the important role of a genetic risk factor. 9 13 64 Exposure to ultraviolet light, diesel fumes or smoking might also influence signs and symptoms of allergic conjunctivitis. 9 16 Staphylococcal colonisation of the lid margins has also been suggested to influence the VKC pathogenesis. 65 Although coexistent trachoma had been proposed to play a role via type IV hypersensitivity reaction on the intraepithelial chlamydial inclusions in the conjunctival epithelium, no correlation was found between the prevalence of chlamydial infection and the prevalence of VKC. 1 3 10 66 The influence of helminth infestation on the pathogenesis is controversial. Some clinical studies reported a reduction in allergic conjunctivitis symptoms following antiparasitic treatment, while laboratory studies observed a reduction in allergic conjunctivitis parameters in Ascaris and Cholera toxin B treated mouse models. 3 67-69 A nested population-based case control study in Rwandan primary schools did not find any association between VKC and current intestinal parasitic load, but identified higher economic status as a risk for VKC. 8 This effect appears not to act through differences in parasitic intestinal load.
TREATMENT Topical medication
Because the exact immunopathogenesis of VKC remains unknown, the same topical antiallergic agents are used as for other forms of allergic conjunctivitis.
Topical antihistamines, such as levocabastine and emedastine alleviate ocular allergy quickly by binding to histamine receptors but are only effective in mild cases. 45 70 Mast cell stabilisers such as cromolyn sodium, nedocromil sodium, lodoxamide and pemirolast interfere with the release of mast cell mediators by blocking calcium transport across the mast cell membrane requiring prophylactic treatment or a loading period. 71 Although mast cell stabilisers are unanimously effective in studies in Europe and North America, results from the Middle East and Africa have not consistently shown a benefit. 3 9 16 31 71-73 Dual action agents such as olopatadine and ketotifen combine the best of both worlds by their immediate histamine receptor antagonism, coupled with the long-term disease-modifying effect of mast cell stabilisation. 74 Non-steroidal anti-inflammatory drug (NSAID) topical agents reduce ocular inflammatory signs by inhibiting cyclooxygenase and have a beneficial effect on the course of VKC reducing the local steroid needs. 20 75-77 Careful follow-up is needed, since corneal melting has been reported after instillation of several types of topical NSAID. 78 However, in severe VKC the above mentioned agents often appear inadequate, making the use of corticosteroid drops inevitable. Topical corticosteroids are the most effective treatment for moderate to severe forms of VKC because of their broad and early interference with the inflammatory cascade. 3 20 79 Their use should be strictly limited and carefully monitored because of the known complications of long-term steroid use (glaucoma, cataract and secondary ocular infections). 1 3 10 11 37 Loteprednol, a smart ester-corticosteroid with an better safety profile has been effective in SAC, but its efficacy in VKC is unknown. 80 Ciclosporin A (CsA) is an established option for the management of VKC. It is a calcineurin inhibitor that abolishes T cell proliferation via inhibition of CD4 T cell receptor signal transduction and down regulation of interleukin (IL)-2 receptor expression. 81 It also inhibits apoptosis, eosinophil and mast cell activation and the release of IL-2, IL-1β and IL-5, which are important mediators of allergic inflammation.
82 Double-masked placebo-controlled studies performed in Europe and Asia report a beneficial effect of topical CsA 2% in the treatment of VKC with an aggregate reduction in scores for symptoms and signs ranging from 45% to 55% after 2 weeks. 83 84 In an open trial topical CsA 1% has been suggested to be the minimal effective concentration in severe VKC. 85 Studies on off-label use of topical CsA 0.05% (Restasis; Allergan, Irvine, California, USA) have reported conflicting evidence on its beneficial effects in severe allergic conjunctivitis. [86] [87] [88] In a double-masked, randomised controlled clinical trial (RCT) no difference in efficacy between CsA 2% and dexamethasone 0.1% was found in the treatment of limbal VKC in Africa, but CsA was less well tolerated. 89 Using a lower dose, an Italian trial demonstrated an inferior efficacy of CsA (0.1%) compared with dexamethasone 0.15%. 90 Chronic use of topical CsA 0.05% has been shown to be effective in preventing seasonal recurrences of VKC. 90 Tacrolimus, another immunomodulator, has a similar mechanism as CsA but is more potent. 91 Case series and placebocontrolled RCT have shown a beneficial effect of tacrolimus ointment (0.1% to 0.2%) and drops (0.005% and 0.1%) in severe VKC. [92] [93] [94] However, it makes patients more susceptible for opportunistic infections and herpes simplex keratitis. 94 Although CsA and tacrolimus might be powerful alternatives for corticosteroids in the management of VKC, a higher cost price limit their wide spread use in the developing world.
Monoclonal antibodies directed against IgE antibody, adhesion molecules and chemokines receptors may interfere with the immunopathogenesis of VKC and represent new therapeutic modalities. 24 95 96 Recently, an algorithm approach to the management of VKC has been proposed in palpebral VKC. 21 This clinical grading system is based on disease severity, expressed in terms of symptom/sign intensity and frequency and the presence of corneal involvement. It may help clinicians and researchers to reach agreement on which therapeutic option is appropriate for which disease activity.
Oral medication
Montelukast (a leukotriene antagonist) and aspirin tablets have been reported as treatment options. 97 98 Oral ciclosporin (3-5 mg/kg/day) has been successfully used in refractory severe VKC. 99 The use of oral steroids and antihistamine is limited by their systemic side effects. 3 20 97 98 100 Periocular injections and surgery Supratarsal injection of corticosteroids is very effective for temporary suppression of severe inflammation associated with VKC, but it is difficult to administer to small children without sedation, and recurrence has been reported in the majority of patients within 6 months. 101 A surgical approach has been tried in severe and complicated cases. Early surgical scraping dramatically improve epithelial resurfacing in corneal shield ulcers. 17 37 Corneal scars can be removed either surgically or by excimer laser phototherapeutic superficial keratectomy, and penetrating keratoplasty has a good clinical outcome for keratoconus in VKC. 17 102 Persistent corneal epithelial defects can be treated by amniotic membrane transplantation and limbal epithelial cell transplantation. 103 104 A Boston keratoprosthesis has successfully been implanted for severe blinding VKC. 105 Treatment of tarsal or limbal papillae in severe VKC by cryotherapy or laser have been reported, but may only have a transient response and destruction of the limbus may exacerbate corneal stem cell failure. 
PROGNOSIS
Generally VKC is a benign and self-limiting condition with spontaneous resolution after puberty without any further symptoms or visual complication, but therapeutic action may be necessary beyond this age to control the course of the disease. 5 10 11 In large hospital-based case series VKC has the potential to induce serious visual changes in 6% to 55% of patients depending on the regions of origin. 1 9 11 37 107 This is due to corneal complications and unsupervised corticosteroid use. 1 16 A chronic disease course has been found to increase the odds for complications and the development of keratoconus. 1 6 11 Signs indicating deterioration were the size of cobble stones, the presence of Trantas dots and the number of eosinophils on conjunctival scrapings. 3 11 37 CONCLUSIONS VKC is a bilateral, allergic inflammation of the conjunctiva, affecting predominantly boys in warm climates. The distribution of the main clinical hallmarks, upper tarsal giant conjunctival papillae and gelatinous limbal hypertrophy, varies considerably with different climatic conditions and races. Clinical and immunohistochemical studies suggest that IgE-dependent and IgE-independent mechanisms are both involved in its immunopathogenesis, in which various inflammatory cells, including different T cell subpopulations play an active role. Although endocrine, genetic, neurogenic, environmental and socioeconomic factors have been identified, its aetiology remains unknown. Despite new insights in the mechanisms of ocular allergy, topical steroidal and non-steroidal immune modulators
